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(54) Suck back valve 

(57) A suck back valve is proposed, comprising a 
suck back mechanism (28) for sucking a coating liquid 
inside a fluid passage (38) under a negative pressure 
action of a diaphragm displaced by a pilot pressure, an 
ON/OFF valve (26) for opening and closing the fluid 
passage (38) under action of the pilot pressure, and a 
flow amount control device (115) for controlling the pilot 
pressure supplied to the ON/OFF valve (26). 
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(54) Suck back valve 



(57) A suck back valve is proposed, comprising a 
suck back mechanism (28) for sucking a coating liquid 
inside a fluid passage (38) under a negative pressure 
action of a diaphragm displaced by a pilot pressure, an ■ 
ON/OFF valve (26) for opening and closing the fluid 
passage (38) under action of the pilot pressure, and a 
flow amount control device (115) for controlling the pilot 
pressure supplied to the ON/OFF valve (26). 
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Description 

BACKGROUND OF THE INVENITON 

Field of the Invention: 

The present invention relates to a suck back valve 
in which liquid dripping, for example occurring at a sup- 
ply port of a fluid passage, is prevented by sucking a 
predetermined amount of fluid flowing through the fluid 
passage by displacement of a diaphragm, yet wherein 
the sucked amount of fluid can be stabilized. 

Description of the Related Art: 

There has hitherto been known, for example, a 
semiconductor wafer manufacturing process in which a 
suck back valve is employed. In the suck back valve, 
when supply of coating liquid to the semiconductor 
wafer is halted, there is a function for preventing so 
called liquid drip, wherein minute amounts of coating liq- 
uid drip from a supply port onto the semiconductor 
wafer. 

The suck back valve according to such a conven- 
tional technique is shown in FIG. 7 and is disclosed, for 
example, by Japanese Utility Mode! Publication No. 8- 
10399. 

Such a suck back valve 1 comprises a main valve 
body 5 formed with a fluid passage 4 interconnecting a 
fluid inlet port 2 and a fluid outlet port 3, and includes a 
bonnet 6 connected to an upper portion of the main 
valve body 5. A diaphragm 7 made up of a thick-walled 
portion and a thin-walied portion is disposed in the 
center of the fluid iDassage 4. A pressurized fluid supply 
source 13 is connected to the bonnet 6, and a pressu- 
rized fluid supply port 8, for supplying pressurized air for 
operating the diaphragm under a switch-over action of a 
directional control valve, is formed in the bonnet 5. 

A piston 9 is fitted to the diaphragm 7, with a v- 
packing 10 installed in the piston 9 and siidable along 
an inner wall surface of the main valve body 5 and serv- 
ing a sealing function. Further, a spring 11 which nor- 
mally presses the piston in a upward direction, is 
disposed in the main valve body 5. 

An adjusting screw 12 is disposed on the top of the 
bonnet 5 which, by increasing or decreasing a screw-in 
amount thereof, abuts against the piston 9 and adjusts 
a displacement amount of the piston 9, whereby the 
amount of coating liquid sucked by the diaphragm 7 is 
adjusted. 

A coating liquid supply source 14, storing therein a 
coating liquid, is connected to the pressurized fluid inlet 
port 2 through a conduit 15 such as a tube, and further, 
between the coating liquid supply source 14 and the 
fluid inlet port 2, an ON/OFF valve 16, which is con- 
structed separately from the suck back valve, is con- 
nected. The ON/OFF valve 16 performs a function of 
switching between a supply state, and a supply-halted 



state, of the coating liquid to the suck back valve 1, by 
energization and de-energization of the ON/OFF valve 
16. 

Operation of the suck back valve 1 shall now be 

5 explained in outline. In an ordinary state in which the 
fluid is supplied from the fluid-inlet port 2 to the fluid-out- 
let port 3, the piston 9 and diaphragm 7 are displaced 
downwardly in an integrated manner in accordance with 
action of the pressurized fluid supplied from the pressu- 

10 rized fluid supply port 8. The diaphragm 7, which is cou- 
pled to the piston 9, protrudes into the fluid passage 4 
as shown in FIG. 7 by the two-dot-chain line. 

At that point, in the case that the flow of coating liq- 
uid inside the fluid passage 4 is halted by a switch-over 

' 15 action of the ON/OFF valve 1 5. by halting the supply of 
pressurized air from the pressurized fluid supply port 8, 
the piston 9 and diaphragm 7 are raised in unison under 
action of the elastic force of the spring 1 1 , wherein coat- 
ing liquid remaining in the fluid passage 4 is sucked by 

20 a negative pressure action of the diaphragm 7, and liq- 
uid dripping at an uniilustrated supply port is prevented. 

Incidentally, in the suck back valve 1 according to 
the conventional technique, in order to adjust with high 
accuracy the flow amount of pressurized air supplied 

25 from the pressurized fluid supply source 1 3, a fluid pres- 
sure control device 18 is interveningty installed between 
the pressurized fluid supply source 13 and the pressu- 
rized fluid supply port 8 through a conduit 17 such as a 
tube. The fluid pressure control device 18 is formed sep- 

30 arately and apart from the suck back valve 1 , wherein 
an uniilustrated control element comprising for example 
an electrostrictive element for converting an electric sig- 
nal to air pressure, is arranged in the fluid pressure con- 
trol device 18. 

35 Notwithstanding, in the suck back valve 1 according 
to the conventional technique, because reproducibility 
of the displacement with respect to voltage applied by 
the electrostrictive element, which possesses hystere- 
sis, is rather poor, it becomes troublesome to control 

40 with high accuracy the flow amount of pressurized air 
which is supplied to the pressurized fluid supply port 8. 
Further, such an electrostrictive element experiences 
large clipping, along with the disadvantage of inferior 
durability. 

45 Further, in the case of the suck back valve 1 
according to the conventional technique, pipe connect- 
ing operations between the suck back valve 1 and the 
fluid pressure control device 18, as well as between the 
suck back valve 1 and the ON/OFF valve 16, become 

50 necessary, adding complexity to the system, and fur- 
ther, because the fluid pressure control device 18 and 
the ON/OFF valve .16 respectively are installed exter- 
nally of the suck back valve 1 , dedicated space therefor 
is needed, with the disadvantage that installation space 

55 increases. 

Furthermore, fluid passage resistance is increased 
by the piping which is connected between the suck back 
valve 1 and the fluid pressure control device 18, with the 
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disadvantage that response accuracy (responsiveness) 
of the diaphragm 7 is deteriorated. 

Still further, a driving device 19 is specially required 
for switching the ON/OFF valve 16 between ON and 
OFF slates, wherein along with the added complexity of 
pipe connecting operations between the ON/OFF valve 
16 and the driving device 19, there is the drawback of 
soaring production costs. 

SUMMARY OF THE INVENTION 

A general object of the present invention is to pro- 
vide a suck back valve capable of controlling with high 
accuracy a pilot pressure supplied to an ON/OFF valve 
and a suck back mechanism. 

A main object of the present invention is to provide 
a suck back valve in which pipe connecting operations 
are unneeded and which enables minimization of instal- 
lation space. 

Another object of the present invention is to provide 
a suck back valve capable of improving response accu- 
racy of a flexible member which is disposed to face a 
fluid passage. 

The above and other objects, features and advan- 
tages of the present invention wilt become more appar- 
ent from the following description when taken in 
conjunction with the accompanying drawings in which a 
preferred embodiment of the present invention is shown 
by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a suck back vatve in 
accordance with an embodiment of the present 
invention; 

FIG. 2 is a vertical cross-sectional view of the suck 
back valve shown in FIG. 1 ; 
FIG. 3 is a view of a circuit structure of the suck 
back valve of FIG. 1 ; 

FIG. 4 is a vertical cross-sectional view of a flow 
amount control device constructed in the suck back 
valve shown in FIG. 1; 

FIG. 5 is a disassembled cross-sectional view of 
the flow amount control device shown in FIG. 4; 
FIG. 6 is a partial vertical cross-sectional view 
showing operation of the suck back valve of FIG> 1 ; 
and 

FIG. 7 is a vertical cross-sectional view of a suck 
back valve in accordance with the conventional 
technique. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, reference numeral 20 indicates 
a suck back valve according to an embodiment of the 
present invention. The suck back valve 20 is con- 
structed from a coupling 24 to which a pair of tubes 22a, 



22b are detachabiy connected at a fixed interval separa- 
tion, a valve driving device 30 disposed on an upper 
part of the coupling 24 and having disposed internally 
an ON/OFF valve 26 and a suck back mechanism 28 

5 (see FIG. 2), and a controller 32 for controlling switching 
of a pressurized fluid supplied respectively to the 
ON/OFF valve 26 and to the suck back mechanism 28, 
along with controlling the pressure (pilot pressure) of a 
pressurized fluid supplied to the ON/OFF valve 26 and 

w to the suck back mechanism 28. Further, as shown by 
FIG. 1, the coupling 24, the valve driving device 30 and 
the controller 32 are assembled together integrally. 

As shown in FIG. 2, the coupling 24 includes a cou- 
pling body 40 having a first port 34 formed in one end, 

15 and a second port 36 formed in the other end thereof, 
and having disposed therein a fluid passage 38 inter- 
communicating the first port 34 and the second port 36, 
inner members 42 coupled respectively to the first port 
34 and the second port 36 and being inserted into the 

20 openings of tubes 22a, 22b, and lock nuts 44 for main- 
taining fluid-tight the positions of the tubes 22a, 22b by 
threadedly inserting the lock nuts onto screw threads 
cut into ends of the coupling body 40. 

An ON/OFF valve 26 is arranged on an upper part 

25 of the coupling 24 in proximity to the first port 34, the 
ON/OFF valve 26 having a first valve body 46 integrally 
connected with the coupling body 40, a piston 50 dis- 
piaceable in directions of arrows X-i and X2 along a cyl- 
inder chamber formed inside the first valve body 46, and 

30 a cover member 52 for hermetically blocking the cylin- 
der chamber 48. The cover member 52 extends to and 
over the suck back mechanism 28. 

A pair of different diameter spring elements 54a, 
54b are interveningly disposed between the piston 50 

35 and the cover member 52, wherein the piston 50 is nor- 
mally biased downward (in the direction of arrow X2) 
under an elastic force of the spring elements 54a, 54b. 

A first diaphragm chamber 58 which is blocked by a 
first diaphragm 56 is formed at a lower end of the piston 

40 50, wherein the first diaphragm 56 is connected to the 
lower end of the piston 50 and disposed for displace- 
ment integrally with the piston 50. In this case, the first 
diaphragm 56 performs a function for opening and clos- 
ing the fluid passage 38 by separation thereof from a 

45 seat 59 formed in the coupling body 40, and further by 
seating thereof onto the seat 59. Accordingly, under an 
opening/closing action of the ON/OFF valve 26. a pres- 
surized fluid which flows through the fluid passage 38 
(for example, a coating liquid) is switched between a 

50 supply state and a supply-halted state. 

Further, a ring-shaped cushioning member 60 for 
protecting a thin-walled portion of the first diaphragm 56 
is disposed on an upper surface part of the first dia- 
phragm 56, the cushioning member 60 being supported 

55 by a cross-sectlonaily L-shaped support member 62 
connected to a lower end of the piston 50. 

A first pilot passage 64 intercommunicating the 
aforementioned flow amount control device and the 
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ON/OFF valve 26 is formed in the first valve body 46. !n 
this case, under a control action of the flow amount con- 
trol device, by supplying a pressurized fluid (pilot pres- 
sure) to the interior of the cylinder chamber 48 through 
the first pilot passage 64, the piston 50 is raised in oppo- 
sition to the elastic force of spring elements 54a. 54b. 
Accordingly, the first diaphragm 56 separates a prede- 
termined interval separation from the seat 59, opening 
the fluid passage 38, whereby coating liquid flows from 
the first port 34 toward the side of the second port 36. 

Further, a passage 66 for communicating the first 
diaphragm chamber 58 with atmosphere is formed in 
the first valve body 46, wherein by discharging air inside 
the first diaphragm chamber 58 through the passage 
66, the diaphragm 56 can be smoothly operated. More- 
over, reference numeral 68 indicates respective seals 
for maintaining airtightness of the cylinder chamber 48, 
and reference numeral 70 indicates a cushioning mem- 
ber abutting the piston 50 and serving a cushioning 
function. 

A suck back mechanism 28 is disposed on an 
upper part of the coupling body 24 in proximity to the 
second port 36. The suck back mechanism 28 com- 
prises a second valve body 72 connected integrally with 
the coupling body 40 and the first valve body 46, and a 
stem 76 displaceable in directions of arrows and X2 
along a chamber 74 formed in the second valve body 
72. Inside the chamber 74, a spring element 78 is 
arranged, which normally biases the stem 76 upwardly 
(in the direction of arrow X^) by an elastic force gener- 
ated through contact with a flange of the stem 76. 

A second diaphragm 80 extends from an upper part 
of the stem 76, and is coupled to an upper surface of the 
stem 76, wherein by supplying a pilot pressure upwardly 
of the second diaphragm 80, a second diaphragm 
chamber (pilot chamber) 82 is formed which acts on the 
second diaphragm 80. in this case, a cushioning mem- 
ber 84 which is formed, for example, from a rubber 
material or the like is interveningly disposed between a 
thin-walled portion of the second diaphragm 80 and the 
stem 76. 

On the other hand, a third diaphragm chamber 88 
blocked by a third diaphragm 86 is formed at a lower 
end of the stem 76 (see FIG. 4). The diaphragm 86 is 
connected to the stem 76 and is disposed for displace- 
ment integrally with the stem 76. 

A ring-shaped cushioning member 90 for protecting 
a thin-walied portion of the third diaphragm 86 is dis- 
posed on an upper surface part of the third diaphragm 
86, the cushioning member 90 being supported by a 
cross-sectionally L-shaped support member 92 con- 
nected to a lower end of the stem 76. Moreover, a dis- 
placement amount of the stem 76 in the direction of 
arrow X-, is regulated by abutment of the support mem- 
ber 92 with an annular step 92 of the second valve body 
72, whereas the displacement amount of the stem 76 in 
the direction of arrow Xg is regulated by abutment of the 
flange of the stem 76 with a boss 96 of the second valve 



body 72. 

A passage 98 for communicating the third dia- 
phragm chamber 88 to atmosphere is formed in the sec- 
ond valve body 72, whereas a second pilot passage 100 
5 for supplying a pilot pressure to the second diaphragm 
chamber 82 is formed in the cover member 52. 

The controller 32 includes a bonnet 102 which is 
assembled integrally with the first valve body 46 and a 
second valve body 72 which make up the valve driving 
10 device 30, wherein a pressurized fluid supply port 11 9a 
and a pressurized fluid discharge port 1 1 9b are formed 
in the bonnet. 

Inside the bonnet 102 are arranged a first electro- 
magnetic valve 104 functioning as a supply valve and 
15 controlling a pilot pressure which is supplied respec- 
tively to the cylinder chamber 48 of the ON/OFF valve 
26 and to the segond diaphragm chamber 82, a second 
electromagnetic valve 1 06 functioning as a discharge 
valve by discharging to the outside a pressurized fluid 
20 supplied to the first electromagnetic valve 104, and a 
pressure sensor 1 10 for detecting a pilot pressure sup- 
plied to the first electromagnetic valve 104 and output- 
ting a detection signal thereof to the main control unit 
108. ■ - -- 

25 The first electromagnetic valve 104 and the second 
electromagnetic valve 106. respectively, are normally 
closed type valves, wherein by outputting respective 
current signals from the main control unit 108 to electro- 
magnetic coils 112 of the first and second electromag- 

30 netic valves 104 and 106. unillustrated valve bodies 
therein are drawn in the direction of arrow X^, putting 
the electromagnetic valves 104 and 106 respectively in 
an ON state. 

Further, a flow amount control device 115 is dis- 

35 posed inside the bonnet 102. which controls a flow 
amount of pressurized fluid output from the first electro- 
magnetic valve 104, and which supplies a pressurized 
fluid (pilot pressure) regulated at a predetermined pres- 
sure valve to the cylinder chamber 48 of the ON/OFF 

40 valve 26. 

The flow amount control device 115. as shown in 
FIGS. 4 and 5, is made up of a first wafer 1 23 formed of 
a single crystal silicon, or a similar glass element or the 
like, affixed to an interior of a casing 121 which is fixed 

45 to a substrate 1 1 7, and having an inlet port 1 49 formed 
on a lower part of the first wafer 123. The inlet port 149 
is formed to communicate with the first electromagnetic 
valve 104 through a fourth passage 125 (to be dis- 
cussed later on). 

50 At an upper portion of the inlet port 149, a nozzle 
129 formed by a small-diameter nozzle hole 127 is dis- 
posed. The nozzle hole 127 is formed in communication 
with an opening port in an upper surface of the first 
wafer 123, and to a first chamber 133 formed between 

55 the first wafer 123 and a second wafer 131 . 

The second wafer 131, like the first wafer, is formed 
by a single crystal silicon, or a similar glass material or 
the like, and is affixed to an upper surface of the first 
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wafer 123. A second chamber 137 filled with a fluid 135 
therein, for example a silicon liquid which expands by 
application of applied heat thereto, is formed in the inte- 
rior of the second wafer 131. A bottom portion of the 
second chamber 137 forms a membrane 139, wherein 
the membrane 139 is separated a predetermined inter- 
val separation from an end of the nozzle 129, and is 
formed so as tofiex toward the nozzle 129 by expansion 
of the fluid 135. 

The second chamber 137 is hermetically sealed by 
affixing a glass wafer 141, formed by a heat-resistance 
glass, to an upper surface of the second wafer 131. On 
a lower part of the glass wafer 141 which makes up the 
upper surface of the second chamber 137, as shown in 
FIG. 5, a patterned electrical resistance 143 is dis- 
posed. The resistance 143 is electrically connected to 
the main control unit 108 through unillustrated elec- 
trodes and lead wires. A passage 145 which communi- 
cates with the first chamber 133 is formed inside the. 
second wafer 131 and the glass wafer 1 41 , the passage 
145 being formed to communicate with an outlet port 
147 formed in an upper portion of the casing 121. More- 
over, the outlet 147 is formed to communicate with the 
ON/OFF valve 26 through the first pilot passage 54. 

A pressure value or the like detected by the pres- 
sure sensor 1 10 is displayed on an LED display device 
116 and, as needed, set pressure values which are set 
by an unillustrated key input device through a connector 
118 may also be displayed on the LED display device 
116. 

Moreover, an unillustrated MPU (microprocessor 
unit) which functions as various means for performing 
control, evaluation, processing, calculation and memory 
storage, is disposed in the main control unit 108. By 
energizing and de-energizing the first electromagnetic 
valve 104 and the second electromagnetic valve 106 in 
accordance with control signals issued from the MPU, 
the pilot pressures (flow amounts) supplied respectively 
to the cylinder chamber 48 of the ON/OFF valve 26 and 
to the second diaphragm chamber 82 of the suck back 
mechanism 28 are controlled. 

Further, a first passage 120 establishing communi- 
cation between a pressurized fluid supply port 1 1 9a and 
the first electromagnetic valve 104, a second passage 
122 establishing communication between the first elec- 
tromagnetic valve 104 and the second electromagnetic 
valve 106, and a third passage 124 branching from the 
second passage 122 for introducing a pilot pressure to 
the pressure sensor 110, are formed inside the bonnet 
102.. 

Further disposed inside the bonnet 102 are a fourth 
passage 125 branching from the second passage 122 
and connected to an inlet port 149 of the flow amount 
control device 1 15, a first pilot passage 64 connected to 
an outlet port 147 of the flow amount control device 115 
for supplying a pilot pressure to the cylinder chamber 48 
of the ON/OFF valve 26, a second pilot passage 100 
branching from the second passage 122 for supplying a 



pilot pressure to the second diaphragm chamber 82, 
and a fifth passage 126 intercommunicating the electro- 
magnetic valve 106 and the pressurized fluid outlet port 
• 26. 

5 in this case, when an electrical current signal is 
supplied from the main control unit 108 to the electro- 
magnetic coil 1 12 of the first electromagnetic valve 104, 
an unillustrated valve body therein displaces, putting the 
first electromagnetic valve 104 in an ON state, wherein 

w the first passage 120, the second passage 122 and the 
fourth passage 125 are placed in mutual communica- 
tion. Accordingly, the pressurized fluid (pilot pressure) 
supplied from the pressurized fluid supply port 1 19a is 
supplied to the flow amount control device 115 through 

15 the first passage 120, the second passage 122 and the 
fourth passage 125. 

On the other hand, when an electrical signal is sup- 
plied from the main control unit 108 to the electromag- 
netic coil 112 of the second electromagnetic valve 106, 

20 an unillustrated valve body therein is displaced and the 
second electromagnetic valve 106 assumes an ON 
state, whereby the second passage 122 and the fifth 
passage 126 are placed m communication. Accordingly, 
-pressurized fluid (pilot pressure) inside the second dia- 

25 phragm chamber 82 is discharged to atmosphere pass- 
ing through the fifth passage 126 and the pressurized 
fluid discharge port 1 19b. 

The suck back valve 20 in accordance with the 
embodiment of the present invention is basically con- 

30 structed as described above. Next, with reference to the 
circuit structure diagram shown in FIG. 3, an explana- 
tion shall be given of the operations and effects thereof. 

First, a coating liquid supply source 130 storing 
therein a coating liquid is connected to tube 22a which 

35 communicates with the first port 34 of the suck back 
valve 20, whereas a coating liquid drip apparatus 132 
having disposed thereon a nozzle 138 from which a 
coating liquid is dripped toward a semiconductor wafer 
136 is connected to tube 22b which communicates with 

40 the second port 36. !n addition, a pressurized fluid sup- 
ply source 134 is connected to the pressurized fluid 
■ supply port 1 1 9a. 

After completion of the above preparatory meas- 
ures, the pressurized fluid supply source 134 is ener- 

45 gized and a pressurized fluid is introduced to the 
pressurized fluid supply port 119a, and in addition an 
input signal is input to the main control unit 108 through 
an unillustrated input means. The main control unit 108 
issues an energizing signal only to the first electromag- 

50 netic vaive 104 based on the input signal, placing the 
first electromagnetic valve 104 in an ON state. At this 
time, the second electromagnetic valve 106 and the flow 
amount control device 115 respectively are de-ener- 
gized and in an OFF state. 

55 The pressurized fluid (pilot pressure) introduced 
from the pressurized fluid supply port 1 19a is supplied 
to the second diaphragm chamber 82 via mutually inter- 
communicating first passage 120, second passage 122, 
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fourth passage 125 and the second pilot passage 100. 
Under action of the pilot pressure supplied to the sec- 
ond diaphragm chamber 82. the second diaphragm 80 
is displaced, pressing the stem 76 in the direction of 
arrow X2. As a result, the third diaphragm 86 which is 
connected to a lower end of the stem 76 is displaced, 
attaining the condition shown by FIG. 2. 

Moreover, the pilot pressure supplied to the second 
diaphragm chamber 82 is introduced to the pressure 
sensor 110 through the third passage 24, and a detec- 
tion signal output by the pressure sensor 1 10 is input to 
the main control unit 108, thus performing feedback 
control. Further, as for the pilot pressure supplied to the 
second diaphragm chamber 82. the flow amount of the 
pressurized fluid (pilot pressure) is controlled by respec- 
tively energizing and de-energizing the first electromag- 
netic valve 104 and the second electromagnetic valve 
106 in accordance with control signals issued from an 
unillustrated MRU. 

In this manner, in a state in which the second dia- 
phragm 80 is pressed in the direction of arrow X2 under 
action of the pilot pressure supplied to the second dia- 
phragm chamber 82, the main controller 108 outputs an 
electrical signal to the flow amount control device 115. 
In the flow amount control device 115, an electric cur- 
rent is caused to flow through the electric resistance 
143. whereby the membrane is pressed and flexes 
downward as shown by the two-dot-chain line in FIG. 4, 
and the separation interval between the membrane 139 
and the nozzle 129 is set at a predetermined amount. 
Accordingly, the flow. amount of pressurized fluid which 
is supplied to the interior of the first chamber 133 from 
the nozzle 127 is controlled by narrowing of the separa- 
tion interval between the membrane 139 and the nozzle 
129. As a result, by adjusting the flow amount of pressu- 
rized fluid discharged to the iDutlet port 147 through the 
passage 145 of the flow amount control device 115, the 
pilot pressure supplied to the cylinder chamber 48 of the 
ON/OFF valve 26 is controlled at a fixed value. 

In this case, the pilot pressure supplied to the cylin- 
der chamber 48 of the ON/OFF valve 26 may be control- 
ted solely by the aforementioned flow amount control 
device 115 or may also be controlled by energization 
and de-energization of the first electromagnetic valve 
104 and/or the second electromagnetic valve 106 by 
control signals output from an unillustrated MRU. Fur- 
ther, it is also possible to employ the flow amount control 
device 1 15 in concert with the first and/or second elec- 
tromagnetic valve 104, 106 for controlling the pilot pres- 
sure supplied to the ON/OFF valve 26. 

The pressurized fluid (pilot pressure) introduced to 
the cylinder chamber 48 displaces the piston 50 in the 
direction of arrow X-j in opposition to the elastic force of 
spring elements 54a, 54b. Accordingly, the first dia- 
phragm 56 connected to the piston 50 separates away 
from the seat 59. wherein the ON/OFF valve 26 
assumes an ON state. At that time, the coating liquid 
supplied from the coating liquid supply source 130 flows 



along the fluid passage 38 and coating liquid is dripped 
onto the semiconductor wafer 136 through the nozzle 
138 of the coating liquid drip apparatus 132. As a result, 
a coating layer (not shown) having a desired thickness 
5 is formed on the semiconductor wafer 136. 

After a predetermined amount coating liquid has 
been applied to the semiconductor wafer 136 through 
the nozzle 138 of the coating liquid drip apparatus, the 
main control unit 108 issues an electrical signal to the 
10 flow amount control device 115, causing a reduction in 
the pilot pressure supplied to the cylinder chamber 48 of 
the ON/OFF valve 26, and placing the ON/OFF valve 26 
in an OFF state. 

More specifically, the current supplied to the electri- 
cs cal resistance 1 43 of the flow amount control device 1 1 5 
is increased in accordance with a control output from 
the main control unit 1 10, and due to expansion of the 
fluid 135 filled inside the second chamber 137, the 
membrane 139 flexes toward the nozzle 139, narrowing 
20 the separation interval between the membrane 1 39 and 
the nozzle 129. As a result, the pressurized fluid which 
passes through the flow amount control device 115 is 
constricted by the narrowed separation intervaJ 
between the membrane 139 and the nozzle 129, reduc- 
es ing the pilot pressure which is supplied to the cylinder 
chamber 48 of the ON/OFF valve 26. in addition, under 
action of an elastic force of spring elements 54a, 54b, 
the piston 50 displaces in the direction of arrow X2, 
whereby the first diaphragm 56 is seated on the seat 59 
30 and the ON/OFF valve 76 assumes an OFF state. 

Moreover, the pilot pressure supplied to the cylinder 
chamber 48 of the ON/OFF valve 26 may also be less- 
ened for putting the ON/OFF valve 26 in and OFF state 
by energizing and de-energizing the first eiectromag- 
35 netic valve 104 and the second electromagnetic valve 
1 06. by control signals output from ah unillustrated MRU 
in the main control unit 104. 

By putting the ON/OFF valve 26 in an OFF state 
and interrupting the fluid passage 38, supply of coating 
40 liquid to the semiconductor wafer 136 is halted, and the 
dripping condition of coating liquid onto the semicon- 
ductor wafer 136 from the nozzle 138 of the coating liq- 
uid drip apparatus 132 is also suspended. In this case, 
because coating liquid immediately preceding that 
45 which has been dripped onto the semiconductor wafer 
136 remains inside the nozzle of the coating liquid drip 
apparatus 132, there is a fear that unwanted liquid drip- 
ping may occur. 

At that point, the main control unit 108 issues a de- 
50 energizing signal to the first electromagnetic valve 104 
and the first electromagnetic valve 104 assumes an 
OFF state, simultaneously with issuing an energizing 
signal to the second electromagnetic valve 106, wherein 
the second electromagnetic valve 106 assumes and ON 
55 state. 

Accordingly, by the first electromagnetic valve 104 
assuming an OFF state and the second electromag- 
netic valve assuming an ON state, the fifth passage 126 
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and the second pilot passage 100 are put in communi- 
cation, and the pressurized fluid (piiot pressure) main- 
tained In the second diaphragm chamber 82 is 
discharged to atmosphere from the pressurized fluid 
discharge port 11 9b via mutually intercommunicating 5 
second piiot passage 100. second passage 122. and 
the fifth passage 126. At this time, the second dia- 
phragm 80 is raised in the direction of arrow Xi under 
action of the electromagnetic force of spring element 
78, attaining the condition shown in FIG. 6. 

More specifically, by raising of the second dia- 
phragm 80, and displacement of the third diaphragm 86 
integrally therewith in the direction of arrow via the 
stem 76. a negative pressure effect is generated. At this 
time, a predetermined amount of coating liquid inside 15 
the passage 38 is sucked along the direction of the 
arrows shown in FIG. 6. As a result, a fixed amount of 
coating liquid which remains inside the nozzle 138 of 
the coating liquid drip apparatus 132 is returned toward . 
the side of the suck back valve 20. whereby unwanted 20 
dripping of liquid onto the semiconductor wafer 136 can 
be prevented. 

Moreover, by again issuing an energizing signal to 
the flow amount control device 115 and putting the 
ON/OFF valve 26 in an ON state, simultaneously with 25 
issuing an energizing signal from the main control unit 
108 to the first electromagnetic valve 104 which 
assumes an ON state, and issuing a de-energizing sig- 
nal to the second electromagnetic valve 106 which 
assumes an OFF state, the condition shown in FIG. 2 Is 30 
reached, and dripping of coating liquid onto the semi- 
conductor wafer 136 is reinitiated. 

As described above, in the present embodiment, by 
increasing the current signal supplied to the flow 
amount control device 115. and Increasing the gener- 35 
ated heat amount of the electrical resistance 143 
therein, the membrane 139 can be made to flex toward 
-the nozzle 139. Accordingly, by adjustment of the sepa- 
ration interval between the nozzle 129 and the mem- 
brane 139 under a flexure action of the membrane, the 40 
flow amount of pressurized fluid which flows through the 
nozzle hole 127 can be adjusted. In this case, by block- 
ing the nozzle hole 127 with the membrane 139 under 
the flexure action thereof, it is also possible to interrupt 
the flow of the pressurized fluid. 45 

Accordingly, together with highly accurate control of 
the pilot pressure supplied to the ON/OFF valve by the 
flow amount control device 115, response accuracy of 
the ON/OFF valve 26 can be even further improved. 

More specifically, by controlling the pilot pressure 50 
supplied to the ON/OFF valve 26 by the flow amount 
control device 1 1 5, in comparison with the conventional 
technique, the driving speed of the ON/OFF valve 26 is 
Improved, and further the driving range thereof can be 
widely expanded. Further, by improving the switching 55 
speed between ON and OFF states of the ON/OFF 
valve 26, It becomes possible to highly accurately set 
the flow amount of coating liquid that is dripped onto the 



semiconductor wafer 136. Further, because the mem- 
brane 139 facing the nozzle 129 Is formed from a single 
crystal silicon, or similar glass like material, high fre- 
quency flexure actions can be sufficiently tolerated, clip- 
ping is reduced, and reproducibility of action is raised. 
As a result, structural fatigue on the membrane 139, 
which Is the driven part, is minimized, durability Is 
exceptional, and changes in performance thereof over 
time are hardly experienced. Moreover, because the 
fluid control means 115 can be manufactured using 
semiconductor manufacturing techniques, there is the 
advantage that such devices can be mass produced, 
yet with high accuracy. 

Further, In the present embodiment, by integrally 
assembling respectively the coupling 24, ON/OFF valve 
25. suck back mechanism 28 and the controller 32, in 
contradistinction to the aforementioned conventional 
technique, pipe connection operations between the 
suck back valve 20 and a fluid pressure control appara- 
tus, or between the suck back valve 20 and the ON/OFF 
valve 26 become unnecessary, and because dedicated 
space for disposing the fluid pressure control device 18 
and the ON/OFF valve 26 is not needed, installation 
-space can be effectively utilized. 

Further, in the present embodiment, because the 
ON/OFF valve 26 and the controller 32, etc.. are formed 
integrally with suck back mechanism 28, as compared 
to respective separate structures which are assembled 
together as In the conventional technique, a reduction in 
scale of the apparatus can be achieved. 

Furthermore, in the present embodiment, because 
there Is no need for piping between the suck back valve 
20 and the fluid pressure control device 18. an increase 
in fluid passage resistance can be avoided. 

Further still, the pressurized fluids (pilot pressure) 
supplied respectively to the suck back mechanism 28 
and the ON/OFF valve 26 are made common, and by 
control of the flow amount thereof through the flow 
amount control device 115, in contradistinction to the 
conventional technique, there Is no need for a driving 
device 19 for driving the ON/OFF valve 26. As a result, 
along with further miniaturization of the overall appara- 
tus structure, a reduction in cost Is also attainable. 

Moreover, in the present embodiment, although the 
pilot pressure supplied to the ON/OFF valve 26 is con- 
trolled through the flow amount control device 115 
which is in turn electrically controlled by the main con- 
trol unit 108. the invention is not necessarily so limited, 
and it is also possible to control the pilot pressure sup- 
plied to the suck back mechanism 28. In this case, 
response accuracy of the second diaphragm 80 oper- 
ated by pilot pressure can be raised, and any coating 
liquid remaining in the fluid passage 38 can be even 
more swiftly sucked back. 

Claims 

1 . A suck back valve comprising: 
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a coupling (24) having a fluid passage (38) with 
a first port (34) formed in one end, and a sec- 
ond port (36) formed in another end thereof; 
a suck back mechanism (28) for sucking a fluid 
inside said fluid passage (38) under a negative 5 
pressure action of a flexible member (86) dis- 
placed by a pilot pressure; 
an ON/OFF valve (26) for opening and closing 
said fluid passage (38) under an action of said 
pilot pressure; and io 
a controller (32) having disposed therein a flow 
amount control device (1 15) for electrically con- 
trolling the pilot pressure supplied to said suck 
back mechanism (28) and to said ON/OFF 
valve (26); is 

wherein said flow amount control device 
(115) comprises; 

a container (123, 131, 141) enclosing an 
expandable/contractible fluid, a part of said 20 
container (123, 131. 141) being formed by 
a membrane (139); 

a nozzle (129) facing said membrane (139) 
of the container (123, 131, 141); and 
a heat-generating body (143) for control- 25 
ling applied heating of said fluid (136) 
inside said container (128, 131, 141). 

2. The suck back valve according to claim 1 , said con- 
troller (32) having disposed therein a supply valve 30 
(104) and a discharge valve (106) for adjusting the 
pilot pressure through supply and discharge actions 
thereof, wherein the pilot. pressure supplied to the 
suck back mechanism (24) and the ON/GFF valve 
(26) is controlled respectively by said supply valve 35 
.(104), said discharge valve (106) and said flow 
amount control device (115). 

3. The suck back valve according to claim 1, wherein 
said container comprises a first wafer (1 23) formed 40 
by a single crystal silicon, a second wafer (131) 
stacked on said first wafer (123) and formed by a 
single crystal silicon, and a glass wafer (141) block- 
ing a chamber (137) filled with said fluid (135) and 
formed from an insulating material. 45 

4. The suck back valve according to claim 3, compris- 
ing an electrical resistance (143) which functions as 
a heat-generating body, disposed on a bottom sur- 
face of the glass wafer (141) facing said chamber so 
(137). 

5. The suck back valve according to claim 1. wherein 
said coupling (24), said suck back mechanism (28), 
said ON/OFF valve (26) and said controller (32), 55 
respectively, are assembled integrally. 



said suck back mechanism (28) comprises: 

a diaphragm (80) displaced under action of the 
pilot pressure supplied from a pressurized fluid 
supply port (119a); 

a stem (76) displaceably disposed inside a 
valve body (72) and dispiaceable in unison with 
said diaphragm (80); 

another diaphragm (86) connected to an end of 
said stem (76) and effecting a negative pres- 
sure action through displacement together with 
said stem (76); and 

a spring element (78) biasing said stem (76) in 
a predetermined direction. 

7. The suck back valve according to claim 1 . wherein 
said controller (32) has disposed therein a main 
control unit (108) for respectively electrically con- 
trolling said supply vaive (104). said discharge 
valve (106) and said flow amount control device 
(115). 

8. The suck back vaive according to claim 2, wherein 
said flow amount control device (115) controls the 
pilot pressure supplied to the ON/OFF valve (20) 
through a first pilot passage (64), and wherein said 
supply valve (104) and said discharge valve (106) 
control the pilot pressure supplied to the suck back 
mechanism (28) through a second pilot passage 
(100). 

9. The suck back valve according to claim 8,' wherein 
the pilot pressures supplied to the ON/OFF valve 
(26) and to the suck back mechanism (28) are sup- 
plied from a common pressurized fluid supply 
source (134) connected to the pressurized fluid 
supply port (119a). 



6. The suck back valve according to claim 1, wherein 
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